Objective: AIMS65 is a score designed to predict in-hospital mortality, length of stay, and costs of gastrointestinal bleeding. Our aims were to revalidate AIMS65 as predictor of inpatient mortality and to compare AIMS65's performance with that of Glasgow-Blatchford (GBS) and Rockall scores (RS) with regard to mortality, and the secondary outcomes of a composite endpoint of severity, transfusion requirements, rebleeding, delayed (6-month) mortality, and length of stay. Methods: The study included 309 patients. Clinical and biochemical data, transfusion requirements, endoscopic, surgical, or radiological treatments, and outcomes for 6 months after admission were collected. Clinical outcomes were in-hospital mortality, delayed mortality, rebleeding, composite endpoint, blood transfusions, and length of stay. Results: In receiver-operating characteristic curve analyses, AIMS65, GBS, and RS were similar when predicting inpatient mortality (0.76 vs. 0.78 vs. 0.78). Regarding endoscopic intervention, AIMS65 and GBS were identical (0.62 vs. 0.62). AIMS65 was useless when predicting rebleeding compared to GBS or RS (0.56 vs. 0.70 vs. 0.71). GBS was better at predicting the need for transfusions. No patient with AIMS65 ¼ 0, GBS 6, or RS 4 died. Considering the composite endpoint, an AIMS65 of 0 did not exclude high risk patients, but a GBS 1 or RS 2 did. The three scores were similar in predicting prolonged in-hospital stay. Delayed mortality was better predicted by AIMS65. Conclusion: AIMS65 is comparable to GBS and RS in essential endpoints such as inpatient mortality, the need for endoscopic intervention and length of stay. GBS is a better score predicting rebleeding and the need for transfusion, but AIMS65 shows a better performance predicting delayed mortality.
Introduction
Gastrointestinal (GI) bleeding results in 5% of admissions to an emergency department, 1 with mortality rates ranging from 2 to 15%. 2 Factors found to be predictors of mortality include advanced age, low hemoglobin level, low blood pressure, severe comorbidities, worsening health status, rebleeding, hypoalbuminemia, elevated creatinine, elevated serum aminotransferase levels, onset of bleeding while inpatient, and active bleeding or stigmata of recent hemorrhage at the time of endoscopy. [3] [4] [5] [6] [7] [8] [9] Multiple scoring systems have been developed to predict the outcomes of these patients. [6] [7] [8] [10] [11] [12] The most common one, designed to predict in-hospital death, is the Rockall score (RS), application of which in clinical practice is complex because it includes many variables. The search for a pre-endoscopic clinically applicable score to predict high-and low-risk patients has led to the development of other scores, such as the Glasgow-Blatchford score (GBS) and, 10 recently, the AIMS65 score. 13 The GBS is based on clinical and laboratory parameters. It was originally developed to predict the need for clinical interventions. 10, [14] [15] [16] [17] Nevertheless, further studies have shown the utility of the GBS in predicting death, blood transfusion, endoscopic intervention, and surgery. [14] [15] [16] [17] [18] The main drawback of the GBS and the RS is their difficult day to day application, which has reduced their role to research protocols. Thus, the AIMS65 has recently been validated to predict in-hospital mortality, length of stay, and costs. 13 AIMS65 has some important advantages: first, it has been developed from a large database and is not weighted, which makes it easy to remember in everyday practice; second, it does not rely on patient's medical history, but on laboratory values in addition to the patient's mental status. From its development, some papers have compared the score with the GBS, showing that it was almost equivalent to the GBS. [19] [20] [21] [22] Nevertheless, the only prospective study did not compare AIMS65 with the RS and it was specially focused on detection of low-risk patients who could benefit from an early discharge.
Moreover, all the previous studies have focused on in-hospital or 30 days mortality, but the clinical deterioration that an acute episode of GI hemorrhage provokes to patients might cause delayed mortality. Indeed, changes in medication, mobility, and habits associated with hospital admissions might unbalance an otherwise difficult equilibrium in patients in which GI hemorrhage might be just an event, part of the outcome of a systemic disease, for which severity could be predicted.
To our best knowledge, the three systems have not been compared, nor has the impact on delayed 6 month mortality been explored in a prospective series.
Our aim was to revalidate AIMS65 as predictor of inpatient and 6-months mortality in a European population. Our secondary goal was to compare the AIMS65 score's performance with that of the GBS and RS with regards to the secondary outcomes of (a) a composite clinical endpoint of severity; (b) blood transfusion requirements; (c) rebleeding; (d) in-hospital and delayed mortality; and (e) hospital length of stay.
Methods

Study design and population
This was a prospective study on consecutive patients admitted to the ''Virgen de las Nieves'' University Hospital for the management of upper GI hemorrhage over 24 months (January 2013-January 2015). Upper GI hemorrhage was defined as bleeding from the upper GI tract as manifested as hematemesis and/or melena. Rebleeding was defined by the presence of fresh hematemesis and/or melena associated with the development of shock or a reduction in hemoglobin concentration greater than 2 g/dL over 24 h. Rebleeding included also cases requiring repeated endoscopy, surgery or any interventional radiology procedure.
Patients who refused endoscopy or who refused to sign the informed consent were excluded. Patients were followed during hospitalization and six months after discharge. All of them underwent endoscopy. The timing of endoscopy and the need for endoscopic therapy were determined by the on-call gastroenterologist. The need for transfusion was determined by the treating physicians, who per protocol followed strict criteria previously published. 23 These criteria were different when active variceal bleeding was suspected. In those patients a lower threshold of 8 g/dL in hemoglobin levels was established. All patients received high-dose acid suppression therapy (pantoprazole 80 mg intravenously as an initial bolus followed by a continuous infusion of 120 mg for the first 24 hours). The study protocol was approved by the local Human Research Ethics Committee.
Data collection
Information regarding patients' demographic data, comorbidities, current medications, clinical presentation, laboratory tests, and endoscopic findings was collected. Interventions were recorded, including the need for blood transfusion and the number of packed red cells units per patient, endoscopic therapy, radiologically guided hemostasis, and surgery.
A patient was considered to have a change in mental status if the Glasgow Coma Scale score on presentation was less than 14.
Clinical outcomes documented were in-hospital mortality, delayed 6-months mortality, and rebleeding. As secondary outcomes we studied (a) a composite endpoint of inpatient mortality, in-hospital rebleeding, and endoscopic, radiologic, or surgical intervention, (b) transfusion requirements, and (c) length of stay.
The collected data were used to calculate the GBS, the full RS, and the AIMS65 score. The methods for calculating the scores were as described previously. 5, 6, 13 Data analysis 
Results
Patient characteristics
309 patients (214 men; aged 64.6 AE 16.7 years) were admitted with a diagnosis of upper GI hemorrhage over 24 months. Presenting symptoms were melena (72.2%), hematemesis (48.9%), and hematochezia (8.1%). Endoscopy was performed in all of them, normally within a maximum of 8 hours after admission. A total of 126 patients (40.8%) received endoscopic therapy, which consisted in adrenaline and a sclerosing agent (polidocanol) injection in 88, argon plasma coagulation in 8, hemostatic clipping in 19, variceal banding in 31, balloon tamponade in 3, cyanoacrylate glue injection (Glubran2 Õ ; GEM Srl, Viareggio, Italy) in 1, and haemostatic powder application (Hemospray TM ; Cook Medical, Winston-Salem, NC, USA) in 6. Blood transfusion was needed in 192 patients (62.1%). Overall in-hospital mortality was 9.4% (n ¼ 29) but the GI hemorrhage specific mortality rate was n ¼ 20 (6.4%). The main endoscopic findings were duodenal ulcer (26.9%), esophageal varices (21.4%) gastric ulcer (17.5%), acute gastric erosions (16.2%), esophagitis (11.7%), Mallory-Weiss tears and esophageal ulcers (6.5%), angiodysplasia (5.2%), neoplasms (4.1%), and unidentified source (14.2%) ( Table 1) . We observed rebleeding in 14 patients, and bleeding persistence in 48. All of them had a repeated endoscopy, but 7 underwent surgery and 2 had an embolization. Two patients with no endoscopic treatment rebled. However, 18 patients with persistent bleeding died (37.5%), but only three received surgery or embolization, because most of them were patients in a poor clinical condition. Regarding the composite endpoint, 135 patients (43.7%) were included in the high risk group. In this group, 29 patients died in the admission (21.5%) 106 patients (78.5%) required transfusion, 125 (92.6%) underwent endoscopic intervention, and 15 (11%) had a delayed mortality within six months after discharge.
Performance of the scores
Patients who had endoscopic intervention, received blood transfusion, had inpatient death or in the first 6 months had significantly higher AIMS65, GBS, and RS. GBS and RS were significantly higher in patients who rebled, but not AIMS65 (Table 2) .
On ROC analyses, AIMS65, GBS, and RS were similar when predicting inpatient mortality (0.76 vs. 0.78 vs. 0.78), finding no differences when comparing the three curves (Figure 1(a) ). Regarding endoscopic intervention, AIMS65 and GBS were almost identical (0.62 vs. 0.62) (Figure 1(b) ), but in our series AIMS65 proved to be useless when predicting rebleeding No patient with AIMS65 ¼ 0, GBS 6, or RS 4 died. A GBS ¼ 0 warranted no endoscopic therapy, but not AIMS65 ¼ 0. Only a GBS 3 marked no transfusion requirements, but neither AIMS65 nor RS lower levels warranted no transfusions. No patient with a GBS 7 or a RS 2 rebled. GBS 3 or a RS 1 were cutoff points under which no surgeries were needed (Figure 2(a) , (b), and (c)). When considering the composite endpoint, an AIMS65 ¼ 0 did not excluded patients which were considered high risk, but a GBS 1 or RS 2 did.
Mean length of in-hospital stay was 7.7 AE 8.25 days. The three scores predicted length of stay without differences. When considering the prediction of a prolonged in-hospital stay ( >7 days), the three scores had similar AUROCs (Figure 1(e) ). We calculated Spearman correlation coefficient finding a higher correlation of RS (r ¼ 0.52; p < 0.0001) with in-hospital stay than GBS (r ¼ 0.35; p > 0.0001) and AIMS65 (r ¼ 0.34; p < 0.0001).
The different cutoff points that maximized the sum of the sensitivity and specificity for each outcome variable are shown in Table 3 .
Delayed mortality was accurately predicted by AIMS65 (AUC 0.74, p < 0.0001), better than GBS (AUC 0.66) or RS (AUC 0.71), with significant differences (p < 0.04) (Figure 1(f) ). No patient with an AIMS65 ¼ 0, GBS 3, or RS 3 had a delayed death (Table 4) .
Discussion
Our results show that AIMS65 is an adequate score for the prediction of inpatient mortality and the need for endoscopic intervention, comparable in these essential end-points to the previously developed scores, the RS and the GBS, 4,10 but easier to calculate in daily clinical practice. Considering low-risk patients, an AIMS65 ¼ 0 identified the ones who survived, excluding mortality, as well as a GBS 3 and a RS 3. Moreover, AIMS65 performed almost identically to GBS when selecting high-risk patients, when predicting mortality, length of stay, and the need for an endoscopic intervention. Despite the better performance of the GBS, its easy clinical application makes the AIMS65 a good option for some of the clinical outcomes to be predicted in clinical practice.
In this study, AIMS65 showed an acceptable performance when selecting low risk patients, and patients without the need of an endoscopic intervention, showing a better negative predictive value than the GBS in both items (Table 3) . When selecting patients suitable for outpatient management, even without endoscopy, GBS has previously showed a good performance. 14 This last aspect is important because early discharge of low-risk patients can avoid unnecessary admissions, reducing patients' discomfort and hospital costs. Moreover, in centers in which endoscopists are not always available, the score can be useful when making the decision to delay endoscopy, just to perform the procedure during ''normal'' hours. In our study, an AIMS65 ¼ 0 excluded mortality; however, it was unable to predict rebleeding, and even a score of 0 was not able to exclude the need for endoscopic intervention. On the other hand, GBS ¼ 0 excluded endoscopic intervention. Therefore, AIMS65 is not a perfect score for low-risk patients, especially if the goal is to avoid endoscopy. These results are consistent with what has been reported in a series in which fifteen patients with and AIMS65 ¼ 0 needed intervention. 22 Similarly, in our series, 16 patients needed endoscopic therapy even when AIMS65 was 0. This also happened in a previous retrospective study, 20 which advised caution when using AIMS65 for an early discharge of patients with low scores. In this last study the exclusion of patients without a peptic etiology could have biased the results. Indeed, when testing the validity of a preendoscopic score, the most important factor is whether it allows the correct classification of patients before intervention. Nevertheless, in our population, the exclusion of risks with regards to GBS is 0, which is a lower cutoff value than the suggested by previous authors, 19, 22, 24 but coincidental with others. 14, 16 Anyway, our practice is to perform upper endoscopy to every patient with a consistent suspicion of upper GI bleeding. So, our concern with a score is its ability to select high risk patients, in which a different management would be needed. For low risk patients' selection, in centers in which there is no available endoscopists, GBS is more accurate in the prediction of a good outcome. 14, 16, 22, 25, 26 Regarding high-risk patients, AIMS65 was almost identical to GBS when predicting in-patient mortality as well as predicting the need for endoscopic intervention (Figures 1 and 2, Table 3 ). When considering rebleeding, both GBS and RS were useful, with AUC of 0.70 and 0.71, respectively, but AIMS65 showed no predictive ability. Regarding the need for transfusion, GBS was the best score; however, AIMS65 and RS also showed a significant predictive ability. The inclusion of hemoglobin levels in GBS, as previously suggested, may explain this difference. 15, 19, 22 Considering the applicability of AIMS65, its good performance in predicting endoscopic intervention, inpatient mortality, and severity of upper GI hemorrhage makes it an alternative tool to GBS. It has an obvious drawback in the prediction of rebleeding, but post-endoscopic scores, such as the RS, can be applied at this stage.
Our results reassure our current practice of performing endoscopy to every patient with upper GI bleeding. Indeed, despite a GBS 0 ruled out endoscopic intervention, this has not been the case in some previous studies. 22, 25, 26 The reasons to explain the differences in the cutoff values of GBS and AIMS65 compared with previous studies are unclear, and could be explained by some differences among them: population and ethnicity, etiology of bleeding, use of proton pump inhibitors (PPIs), timing of endoscopy, and adherence to guidelines regarding endoscopic therapy. Our cohort was predominantly white, of the same mean age as some of the previous reports. 19, 20, 22, 24 However, all of them included patients in which upper endoscopy was not performed because of their low risk profile, 20, 22, 24 or the tendency toward lack of follow-up of low-risk patients. 19 This could have prevented the researchers from finding some active bleedings that might have stopped spontaneously, and that we found in endoscopy, provided we performed it in every patient. Consistently, we did not have negative outcomes, such as surgery, mortality, or rebleeding in patients with a GBS 3 or a RS 3, but we had rebleeding, need for endoscopic intervention, and surgery with an AIMS65 of 0. Regarding the etiology of bleeding, our results are very similar to what has been previously reported. 22, 24 We included all of the causes of GI bleeding, even post-sphincterotomy, because we need a clinical score that must be accurate in decision making, regardless of the etiology of bleeding. Indeed, after analyzing our results in the different groups of patients regarding the GI bleeding causation, the score behaved correspondingly, except for variceal bleedings, in which AIMS65 had a worse predictive ability for endoscopic intervention and composite severity endpoint. The timing of endoscopy and adherence to guidelines are also important issues. In our institution a gastroenterologist is always on call, and endoscopy is performed in a mean time of 6-8 hours after admission. In the other reports, when available, endoscopy timing was within the first 12 hours at best, 22, 27 which could determine, in patients under high PPI doses, somatostatin, or other treatments, the cessation of the bleeding with no endoscopic indication of therapy. The easy access to endoscopy could have made us find more active bleeders, which otherwise would have spontaneously stopped bleeding. Another factor could be the inter-observer agreement regarding endoscopic risk stigmata of bleeding, and therefore the decision as to whether to provide therapy. This variability in the decision to provide endoscopic treatment could contribute to the observed differences.
Importantly, our data indicate that the risk of bleeding requiring endoscopic or surgical therapy, as well as Another conclusion of our research is that AIMS65 predicts mortality within 6 months after admission. This topic has only been partially analyzed in previous studies, which considered only 30 days mortality. 22, 27 We considered such an extended period because upper GI bleeding can challenge the precarious clinical balance of frail patients, such as cirrhotic patients, patients with cardiovascular diseases in which changes in their usual treatments determined by their admission, or a worsening chronic condition that might have led to the bleeding, could be the cause of a delayed death. Indeed, cardiovascular causes accounted 30% of all the delayed deaths (Table 4) , neoplasms 25% and GI bleeding only 27%. Therefore, GI bleeding might be considered a red flag for frail patients, but further research is needed to address this issue.
Our study has some limitations. First, it is a single center study; second, endoscopic intervention is always at the discretion of the endoscopist and, although we have very strict protocols, biases could have happened. As noted, we performed early endoscopy to every patient, and we might have find a higher number of active or recent bleedings prompting endoscopic intervention. Another limitation derives from the higher proportion of variceal bleedings compared to some other previous papers. AIMS65 had a better performance on non-variceal GI bleeders and this higher proportion of variceal bleedings, which can be explain because ours is a referral center with a liver transplantation program and an important liver unit in our area, could have biased our results resting predictive ability to AIMS65.
In conclusion, AIMS65 is an easily applicable score, which performance is comparable to GBS and RS in some essential endpoints such as inpatient mortality the need for endoscopic intervention and the selection of high risk patients. GBS was better predicting the need for blood transfusions, but both AIMS65 and RS were also useful in this endpoint. AIMS65 failed in two major endpoints in which GBS, the other pre-endoscopic clinical score, showed its superiority: the prediction of rebleeding and the selection of low risk patients which can be discharged without endoscopy. However, AIMS65 was the best score predicting delayed mortality in our series. Its applicability to daily clinical practice offers an option to the previous clinical scores, which have not been widely applied because of their complexity.
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